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@ A square multi-pipe once-through boiler in ac- 
cordance with the present invention has a structure 
wherein a feed path of air for combustion, a combus- 
tion space and an exhaust gas path passing through 
a flue are formed on substantially the same plane. A 
burner duct (5) and a blower (4) are disposed In an 
arbitrary zone of side wall portions {S1 ~ S4) defin- 
ing the width of a boiler main body (1) of the boiler 
described above so as to make compact the boiler 
as a whole. The boiler main body (1) is equipped 
with a water pipe assembly (A) consisting of a plural- 
ity of water pipes (10) disposed substantially in 
longitudinal lines and is constituted so that the com- 



bustion gas flows in the crossing direction with re- 
spect to these water pipes (10). A burner (3) is 
disposed sideways of the water pipe assembly (A) in 
the proximity of the water pipe (10) of the first lines 
(li) of the water pipe assembly (A) so that even 
when the fuel supplied from the burner (3) is ignited 
in the space between the water pipe (10) of the first 
line (li) and the burner (3), combustion Is not com- 
plete in this space and almost all of its unburnt gas 
are burnt completely in the flowing process between 
the water pipes. Such a combustion system is also 
effective for reducing NOx and CO. 
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[Technical Field ] 

This invention relates to a quadrangular type 
multi-tub© constructed so that combustion gases 
flow crosswise of a group of water tubes. 

[Background Art] 

Generally, it has been considered desirable 
from the standpoint of increased heat exchange 
efficiency between combustion gase and water 
tubes that the water tube assembly used in small- 
sized multi-tube once-through boilers comprise wa- 
ter tubes annulariy disposed to define a combus- 
tion chaber therein. Therefore, a multi-tube once- 
through boiler using this type of water tube assem- 
bly hasea substantially cylindrically constructed 
boiler body, with ancillary parts, such as a blower 
and a water feed pump, disposed around said 
boiler body. 

Another feature of said type of boiler is that the 
burner is disposed above or below the water tube 
assembly so that the fuel from the burner burns 
substantially completely in the interior of the water 
tube assembly, producing high temperature com- 
bustion gases which flow through clearances be- 
tween the water tubes and into flues, in a boiler 
using the water tube construction described above, 
since the ancillary parts are disposed around the 
boiler body, the boiler installation area is several 
times as large as that occupied by the boiler body. 

Thus, the boiler employing the burner-based 
combustion system described above together with 
the cylindrical water tube construction tends to 
occupy a relatively large installation space depend- 
ing upon the boiler installation cite and layout con- 
dition. For this reason, some multi-tube once- 
tiirough boilers based on the so-called quadran- 
gular type water tube construction have recently 
been proposed. In these known quadrangular type 
multi-tube once-tiirough boilers, the water tube as- 
sembly is simply constructed to define an oval or 
rectangle which provides a relatively large space 
serving as a combustion chamber; because of this 
construction, the reduction of the boiler body size 
has been limited, making it difficult to attain a 
sufficient saving of installation space. 

In recent years, attention has been paid to 
environmental pollution problems, calling for further 
.reduction of harmful combustion exhaust gases, 
particularly NOx and CO gases, from boilers. 

Approaches to reduction of such harmful com- 
bustion exhasst gases include a method in which 
exhasst gase are re-circuiated, another in which 
water is sprayed over premixed gas, a so-called 
two-stage combustion method, and a method in 
which the combustion gas temperature is adjusted 
by a cold body adjacent the burner and then CO is 



oxidized in an adiabatic space extending to the 
heat exchnger. Even if these approaches to reduc- 
tion are applied to conventional boilers, the prob- 
lems of increasing boiler size and complicated boil- 
5 er construction still remain, leading to an increase 
In cost. 

This invention is a novel boiler unito overcom- 
ing the problems described above, intended to 
provide a novel small-sized efficient quadrangular 

10 type multi-tube once-through boiler designed so 
that the boiler body and ancillary parts, such as a 
blower, can be installed in a limited rectangular 
parallelepiped space. 

Anoter object of the present invention is to 

75 provide a novel combustion system in which it has 
a minimum space of the combustion chamber for 
constituting such a boiler of small size and high 
efficiency and substantial combustion of the fuel is 
carried out in the space between the water tubes. 

20 Anoter object of the present invention is to 
provide a novel package type boiler which is 
equipped by a plurality of the above-mentioned 
boilers of small size and high efficiency as a pre- 
ferred embodiment of the present invention. 

25 Other objectives and examples of application of 
the present invention will be clarified by the follow- 
ing illustrations 

[Disclosure of Invention] 

30 

To achieve the object described above, a 
quadrangular type multi-tube once-through boiler 
according to the present invention has an arrange- 
ment in which a feed path for combustion air, a 

35 combustion chamber, and an exhaust gas channel 
passing through a flue are defined in substaritialiy 
the same plane, with a burner duct and a blower 
each installed in any desired regions in outer wall 
portions defining the width of said boiler body. 

40 Said boiler body is provided witii an assembly 
of a plurality of substantially vertically disposed 
water tubes, with combustion gas flowing crosswise 
of said water tubes. A burner is disposed in close 
adjacency to the first row of water tubes in the 

45 water tube assembly, whereby even if fuel from the 
bumer is ignited in a space between said first row 
of water tubes ahd said bumer, actual combustion 
does not proceed to completion therebetween but 
the most of the unburnt gas burns completely while 

50 It flows through water tube clearances. 

[Brief Description of Drawings] 

Fig. 1 is a side view, partly broken away, show- 
55 ing an air-combustion gas channel in a quadran- 
gular type multi-tube once-through boiler ac- 
cording to this invention; 
Fig. 2 is a schematic cross sectional view show- 
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ing the disposition of water tubes included in a 

water tube assembly in said quadrangular type 

multi-tube once-through boiler; 

Fig. 3 is a longitudinal sectional view showing 

part of an economizer used in said quadrangular 

type multi-tube once-through boiler; 

Fig. 4 is a side view, partly broken away, of the 

economizer of Fig. 3: 

Fig. 5 is a prespective view showing the entire 
construction of said quadrangular type multi- 
tube once-through boiler; 
Fig. 6 through Fig. 8 are schematic side views 
showing another embodiment of a quadrangular 
type multi-tube once-through boiler according to 
this invention; 

Fig. 9 through Fig. 12 are schematic cross sec- 
tional views showing other examples of the con- 
struction of the water tube assembly in the 
quadrangular type multi-tube once-through boil- 
er; 

Rg. 13 is a schematic side view showing an 
embodiment of package boiler utilizing the 
present invention; and 

Fig. 14 is a schematic side view showing a 
modification of the boiler of Fig. 13. 

[Best Mode for Carrying Out the Invention] 

In Fig. 1 through Fig. 5, an embodiment of a 
quadrangular type multi-tube once-through boiler 
according to the' present invention is shown. 

In the figures, tiie numeral 5 denotes a burner 
duct by which a combustion burner 3 and a blower 
4 are connected together; 6 denotes an econo- 
mizer; and Si. S2. S3 and S4 denote outer plates 
or lateral wall portions defining the width of said 
water tube assembly (A); 2 denotes an casing for 
boiler body 1 defind by said other plates. 

The water tube assembly (A) is composed of a 
plurality of vertically extending substantially parallel 
water tubes 10. Such assembly (A) is composed of 
vertically extending quadrangular construction, with 
combustion gases flowing crosswise of said group 
of . water tubes . In the illustration example, the 
water tubes 10 disposed on opposite outer sides 
are connected together by fin members 11, for- 
ming water tube walls 12 which are substantially 
parallel and positioned on opposite sides of the 
water tube assembly (A). 

The intermediate water tubes 10 between the 
water tube walls 12, 12 on opposite sides are 
arranged in a number of rows spaced lengthwise 
(longitudinally) of the water tube walls, each row 
consisting of two tubes disposed widthwise of the 
water tube assembly. These water tube rows h, I2. 
I3 and so on and the water tubes 10 forming tiie 
water tube walls 12 differ in pitch from each otiier 
and arranged in zigzag. 
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In this embodiment, tiie clearance between ad- 
jacent water tubes 10 is nearly equal to or less 
than the diameter (d) of the water tubes 10. More 
particularly, the clearance between adjacent water 

5 tubes 10 in each of the water tube rows I1. I2. I3. 
and so on, and the clearance between a water tube 
10 in one of two adjacent water tube rows and an 
adjacent water tube 1 0 in the other water tube row, 
and the clearance between a water tube 10 in each 

10 of the water tube walls 12 on the opposite sides 
and a water tube 10 in each of the water tube rows 
I1 . I2, I3 and so on are nearly equal to or less than 
the diameter (d) of the water tubes 10. In addition, 
these clearances may be equal to or different from 

75 each other provided that the aforesaid condition is 
met. 

Further, the water tubes 10 are connected to- 
gether at their upper and lower ends by upper and 
lower headers 15 and 16, respectively, thereby 

20 forming a narrow, substantially rectangular water 
tube assembly (A). 

A burner 3 suitable for this embodiment is a 
premixing type burner, such as a surface combus- 
tion burner, positioned at one longitudinal end of 

25 the water tube assembly (A). 

The clearance between this combustion burner 
3 and tiie first water tube row h positioned close 
thereto is nearly equal to or less than a predeter- 
mined distance which is 3 times as large as the 

30 diameter (d) of the water tubes 10. The water tube 
In each of the water tube walls which is closet to 
the combustion burner 3 is positioned on the basis 
of said distance. 

As for such combustion burner 3, a small-sized 

35 high load combustion bumer is preferable since the 
water tube assembly (A) is narrow as described 
above and since the opening for attaching the 
burner is limited. 

The blower 4 is of the centrifugal type, dis- 

40 posed above the lateral wall portion Si . The deliv- 
ery port 4a of this type of blower 4 is directed 
downward and disposed on the sido of the boiler 
body 1 where tiie combustion burner 3 is installed, 
said delivery port 4a being connected to said com- 

45 bustion bumer 3 by the bumer duct 5 disposed on 
the wall portion S2. 

The burner duct 5 has a width which is nearly 
equal to or less than the width of water tube 
assembly (A) and is in the form of a quadrangular 

50 pillar, as shown, with a gas feed nozzle (not shown) 
dispose somewhere in said pillar, so that premixed 
gas flows from the opening in the outlet side to the 
bumer 3. 

The economizer 6. comprises a substantially L- 
55 shaped economizer body 21 and horizontally ex- 
tending tinned heat transfer tubes 20 disposed 
therein in lattice form. The opposite ends of these 
tinned heat transfer tubes 20 extend through the 
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lateral surfaces of the economizer body 21 and 
open. Of the openings which open to one lateral 
surface, the four openings on the uppermost row 
are kept communicating with each other by head- 
ers 22a and 22b. respectively, disposed on the 
lateral surfaces of the economizer body 21, while 
the eight tubes in the two middle rows are kept 
communicating with each other by a similar header 
22c. The eight openings in the two upper rows and 
the eight openings in the two lower rows which 
open to the other lateral surface are kept commu- 
nicating with each other by headers 22d and 22e, 
respectively. Therefore, a vertically extending zig- 
zag channel is defined by the finned heat transfer 
tubes 20 and the headers 22a through 22e. Heat 
transfer fluid (water) enters and leaves the econo- 
mizer through inlet and outlet tubes 23 and 24, 
respectively. 

The economizer 6 of this arrangement is dis- 
posed on the side opposed to the combustion 
burner 3. with the water tube assembly (A) inter- 
posed therebetween, in such a manner* that the 
heat transfer tubes 20 extend crosswise of the 
water tubes 10 of the water tube assembly (A) of 
the boiler, the width of said economizer being 
substantially equal to the width of said water tube 
assembly (A). 

In the arrangement described above, combus- 
tion air flows downward from the blower 4 via the 
burner duct 5 and on its way it is mixed with 
combustiable gas from the gas feed nozzle to 
provide premlxed gas, which is then fed to the 
combustion burner 3. 

Subsequently, the premixed gas flowing out of 
the combustion burner 3 is ignited in front of the 
combustion burner 3 to produce flames, traveling 
from left to right, as shown, through the clearances 
between the water tubes 10 of the water tube 
assembly (A), while completely burning. In the 
meantime, the combustion flames and combustion 
gases transfer heat to the water tubes 10. 

When the combustion gases, leaving the water 
tube assennbly (A), flow into the economizer 6, they 
flow upward in the latter while transferring heat to 
the heat transfer tubes 20. Since the water in the 
heat transfer tubes 20 of the economizer 6 commu- 
nicates with the four heat transfer tubes 20 in the 
uppermost row and with the four heat transfer 
tubes 20 in the lowermost row through headers 
22d. 22c and 22e, the water in the transfer tubes 
20 in the uppermost row is at a relatively low 
temperature, so that can be recovered even by the 
temperature-decreased combustion gases now 
flowing in the downstream region of the econo- 
mizer 6. The combustion gases are then dis- 
charged through an un illustrated exhaust drum. 

During combustion of gas by the burner 3. 
since the clearance between the first water tube 



row h close thereto and the water tube wall 12 is 
small, as described above, the flames from the 
combustion burner 3 extend long in the direction of 
the length of the water tube assembly as they 

5 travel through the clearances between the water 
tubes in the water tube rows h, (2, I3. and so on; 
thus, buming reaction takes place also in these 
clearances. As a result, the flames from the com- 
bustion burner 3 conne in contact first with the first 

10 water tube row U , tiien with the second row la, then 
with the third row I3, and so on, while they also 
come in contact with the water tube walls for suc- 
cessive heat transfer; thus, the flame temperature 
can be decreased to, e.g., 1200 *G-1300*G and 

75 hence the formation of theanal NOx can be sup- 
pressed. 

Since the combustion flames swirl in the clear- 
ances between th^ water tubes 10 because of the 
presence of the water tubes 10, flame stability is 

20 improved and complete combustion is ensured as 
unburnt gas is rapidly drawn into the flame flow; 
particularly, CO is oxidized into CO2. Also, the 
combustion gases, resulting from burning reaction, 
pass longitudinally of the water tube assembly (A) 

25 while coming in contact with the water tube rows 
and water tube walls and are kept within a rela- 
tively low temperature range. This also suppresses 
themnal dissociation of GO2 into CO. 

According to the arrangement described above, 

30 it follows that the channels for combustion air and 
combustion gases are formed in the space of a 
rectangular parallelepiped of predetermined width. 
As a result, the width of tiie entire boiler can be 
decreased to a value which allows formation of the 

35 channels; thus, the boiler widtii can be greatiy 
decreased as compared with multi-tube once- 
through boilers having a conventional combustion 
chamber. 

Furthermore, if the water tube assembly de- 

40 scribed above is employed, flames from the burner 
3 and tiie channel for combustion gases can be 
made linearly relatively long in length and hence 
combustion flames and combustion gases can be 
allowed to stay in the water tube assembly at 

45 relatively low temperatures, saving the need for 
forming a separate combustion chamber. This ac- 
counts for the compactness of the water tube as- 
sembly, and the function of swirling flames leads to 
a decrease in harmful exhaust. 

50 For example, a comparison was made between 
a conventional water tube assembly and the 
present inventive water tube, assembly as to the 
amount of harmful exhaust production under the 
condition that they have the same outer size and 

.55 operate under tiie same combustion load. It was 
found that the present invention decreases NOx 
from 70-80 ppm to 40 ppm and CO to as low as 
not more than 50 ppm. These NO x and CO values 
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are equal to those for a boiler equipped with a gas 
circulator when the circulation factor Is 10%. Ac- 
cording to the boiler of the present invention, how- 
ever, such harmful-exhaust decreasing function can 
be attained not by circulating combustion gases 
but by passing them In one direction only. Further- 
more, there is no need for a complicated piping for 
exhaust gas circulation, so that the construction is 
very simple. 

In a quadrangular type multi-tube once-through 
boiler according to the invention, the disposition 
and configurations of the blower 4 and burner duct 

5 are not limited to the embodiment described 
above, but they may be changed as shown in Rgs. 

6 through 8. 

Further, in the quadrangular type multi-tube 
once-through boiler according to the invention, the 
water tube assembly is not limited to one having 
the construction described above, but they may 
have a construction as shown in Rgs. 9 through 12. 

The water tube assembly shown in Fig. 9 is a 
modification of the one shown in Fig. 2. In Rg. 9. 
two or more groups of water tubes different in heat 
transfer surface area are arranged in the order of 
increasing heat transfer surface area as seen from 
combustion gas upstream side to downstream side. 
In this example, a group of smooth water tubes 10, 
a group of lateraily-flnned water tubes 10* and a 
group of aerofinned water tubes 10" are arranged 
in the order mentioned as seen from combustion 
gas upstream side to downstream side. 

In Rg. 10, the water tube walls 12 extend 
substantially to the middle of the water tube as- 
sembly, and the downstream side is narrowed. 
Between the water tube walls 12, water tubes 10 In 
the form of straight tubes are disposed in series, 
while in the region downstream of said water tube 
walls 12, two rows of aerofinned water tubes 10" 
are disposed between heat insulating walls 18. 

In Rg. 11, the water tube rows it, I2 and I3. 
each consisting of two water tubes 10. are dis- 
posed immediately in front of the combustion bur- 
ner 3, said water tube row I3 being followed by 
three aerofinned water tubes 10" in a row. and 
partition walls 19 are disposed on opposite sides of 
said aerofinned water tubes 10". The positional 
relation of the water tubes 10 and 10" and com- 
bustion burner 3 is the same as described above. 

In Rg. 12. the number of water tube rows is 7 
and the number of aerofinned water tubes is 6. 

The quadrangular type multi-tube once-through 
boiler of the present invention develops its merits 
to a greater extendt when applied to examples 
(package type) shown in Rg. 13 and 14, 

In these figures, (X) denotes a boiler unit; (Y) 
denotes control box; 30 denotes a cabinet struc- 
ture; 32 denotes front sealing panels; 33 denotes 
lateral sealing panels. 



The boiler unit (X) comprises a single boiler 
body 42 covered with a casing 41 and placed on a 
bed 40 and ancillary parts, such as a burner blower 
43 and an economizer 44. attached to said body or 

5 bed 40. 

The cabinet structure 30. in the embodiment 
shown in Fig. 13, comprises a required number or 
a plurality of substantially vertically and horizontally 
extending connecting members 47a and 47b, 

70 thereby defining three receiving compartments 49. 
The members defining these receiving compart- 
ments are adapted to be separated and connected 
so as to make it possible to increase or decrease 
the number of receiving partitions 49. 

75 In each of the receiving compartments 49 of 
the cabinet structure 30, rails and rollers can be 
installed on the connecting members 47b* which 
form the bottom of a frame 47. For example, as 
shown in Rg. 14, if the bed 40 of the boiler unit (X) 

20 is placed on a pair of rails 50 installed in each 
receiving compartment 49, the movement of the 
boiler unit (X) for carrying in and out is facilitated. 

[Industrial Applicability] 

25 

As illustrated above, in the quadrangular type 
multi-tube once-through boiler according to the 
present Invention, the air feed path from the blower 
to the boiler body and the exhaust gas channel 

30 from the boiler body passing through the flue can 
be formed substantially on the same plane along 
the flowing path of combustion gas in the boiler 
. body and the flowing path of the combustion air- 
combustion gas can be set in a cubic volume of a 

35 specified width to largely decrease the width and 
space of the whole boiler. 

Furthermore, the quadrangular type multi-tube 
once-through boiler according to the present inven- 
tion has a decreased width as mentioned above 

40 and each accessaries are arranged to the longitudi- 
nal or upper direction of the boiler body and thus 
the total shape is flat vertical form. This merit can 
be highly exerted in the multi-boiler system widely 
used recently. 

45 Furthemnore, the boiler body of the quadran- 
gular type multi-tube once-through boiler according 
to the present invention can control the tempera- 
tures of combustion flame in the space between 
the water tubes and combustion gas within a rela- 

50 tively low range by each water tubes and hence 
special conventional equipments and structures for 
preventing hazardous exhaust gas are not required 
to make the structure simple and to lower the cost. 
Furthermore, the quadrangular type multi-tube 

55 once-through boiler according to the present inven- 
tion, by equipping a economizer in which the heat 
transfer tubes are arranged crosswise to the water 
tube direction of said boiler body on the part over 
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the side wall portion facing to tlie burner duct, 
Increase In the width is substantially nothing and 
the installing area is not so highly increased by 
equipping the economizer in such a way as seen in 
the conventional boiler system. s 

Claims 

1. A multi-tube once-through boiler having a 
quadrangular type boiler body, which com- io 
prises a feed path for combuation air, a com- 
buation chamber and an exhaust gas channel 
passing though a flue, 

said feed path, said combuation chamber 
and said exhaust gas channel being alined in 75 
substantially the same plane along the lateral 
walls Si, 82, S3 and s^. of said boiler body 1, 

a burner duct 5 forming part of said feed 
path and a blower 4 for use with the boiler 
being disposed in any desired regions of said 20 
lateral wall portions si, sz, S3, and S4 defining 
the width of said boiler body 1. 

said boiler body 1 being composed of a 
water tube assembly (A) of a plurality of water 
tubes 10 so that combustion gas flows cros- 25 
swise of said water tubes 10, 

a burner 3 being disposed in close ad- 
jacency to the first water tube row h in said 
water tube assembly (A). 

30 

2. A boiler as set forth in Claim 1, characterized 
by an economizer 6 disposed on the lateral 
wall portion 14 opposed to said burner duct 5, 
said economizer 6 comprising heat transfer 
tubes 20 disposed crosswise of the water tube 35 
rows (h, I2 and so on) in said water tube 
assembly (A). 
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a frame 47 formed of a required number of 
substantially vertically or horizontally extending 
connecting members 47a, 47b defining a plu- 
rality of receiving compartments for said boiler 
unit. 

a front sealing panel 32 for closing an 
opening in the front surface of each of said 
receiving compartments 49, and . 

a lateral sealing panel 33 for closing an 
opening in each lateral surface of the cabinet 
stnjcture 30, 



3. A boiler as set forth in Claim 1 , characterized 

in that the clearance between the first water 40 
tube row I1 and the following other water tube 
rows (b and so on) and the clearance between 
right and left adjacent water tubes are substan- 
tially equal to or less than the water tube 
diameter (d). 45 



4, A boiler as set forth in Claim 2 or 3, character- 
ized in that two or more groups of water tubes 
different In heat transfer surface area are ar- 
ranged in the order of increasing heat transfer so 
surface area as seen from combustion gas 
upstream side to downstream side. 



5. A multi-tube once-through boiler having a 
quadrangular type boiler body 42, comprising 55 
. a boiler unit (X) in which said boiler body 42 is 
installed on a bed 40, together with boiler 
ancillary parts. 
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